ABSTRACT. A 20-year-old thoroughbred mare had a mass in the right kidney. The mass was encapsulated with fibrous capsule and composed of variably-sized papillary projections lined by a single layer of flattened to cuboidal neoplastic epithelial cells with no cytological and nuclear atypia. Immunohistochemically, the neoplastic cells were broadly positive for cytokeratin AE1/AE3 and granular staining for alpha-1-antitrypsin was focally detected; this immunohistochemical property was similar to that of the normal distal nephron. From these results, this case was diagnosed as papillary renal adenoma of distal nephron differentiation.
Primary renal tumors are as rare in horses as in other domestic animals [11, 22] . A survey reviewing 3633 equine necropsy examinations revealed only 4 cases (0.11%) of renal neoplasms [7] . Most reported cases of equine renal neoplasia are considered malignant, compared with few adenomas [3-5, 7, 18, 19, 23-25] . With respect to cells of origin, it has been mentioned that renal adenomas and carcinomas could arise from either proximal or distal tubules in humans [6, 8] , but no distinctive study has been published in the veterinary literature without reference to canine neoplasms of proximal tubule origin [2, 10] . In this note, we describe a case of renal adenoma in a horse and discuss the differentiation/derivation of the neoplasm.
A 20-year-old thoroughbred mare presented sudden onset of colic, and was clinically diagnosed as torsion of the large intestine. No other significant clinical signs had been observed before colic. The horse was administered flunixin meglumin without improvement in the clinical symptoms. The animal was considered to have a poor prognosis, and was euthanized.
Gross examination revealed axial torsion of the large colon, a small cholesterol granuloma in the choroid plexus of the left lateral ventricle, and a solitary mass, about 6 cm in diameter, in the right kidney. The renal mass was located throughout the cortex to inner medulla and was composed of dark red to yellow fragile tissue (Fig. 1) . The mass was clearly demarcated from the adjacent parenchyma with an obvious fibrous capsule. There was no communication between the mass and the pelvic cavity. No significant gross lesions were detected in other organs.
Collected tissues were fixed in 10% formalin, dehydrated and embedded in paraffin wax. Sections were cut at 4 µm thickness and stained with hematoxylin and eosin (HE).
Immunohistochemical staining of the renal neoplasm was performed by the avidin-biotin-peroxidase complex method. Primary antibodies used were mouse monoclonal antibodies to cytokeratin AE1/AE3 (CK) (Nichirei Bioscience, Tokyo, Japan), vimentin (Dako Cytomation, Glostrup, Denmark), and rabbit polyclonal antibody to alpha-1-antitrypsin (AAT) (Zymed Laboratories, South San Francisco, CA). Non-neoplastic renal tissues adjacent to the neoplasm in the same sections served as controls. Histologically, the tumor was composed of papillary growths of varying size projecting into the lumen (Fig. 2) . A single layer of flattened to cuboidal cells with scant, lightly eosinophilic cytoplasm lined the projections. At the base, the lining cells continuously transitioned to cells of the same morphology lining the inner surface of the fibrous capsule. The stalks of the projections consisted of edematous fibrovascular stroma with partial hemorrhage and hemosiderin deposition, and scattered foci of lamellar calcium deposition. The neoplastic cells were uniform in cytological and nuclear morphology, and mitotic figures were absent. The adjacent renal parenchyma showed mild interstitial fibrosis. No metastases were observed in the organs examined. Immunohistochemically, neoplastic epithelium showed diffuse positivity for CK (Fig. 3a) and vimentin, and only focal granular staining for AAT (Fig. 4a) . In non-neoplastic tissues, CK was broadly detected in the Henle's, distal and collecting tubules (Fig. 3b) . Vimentin expression was observed in podocytes and parietal cells of Bowman's capsules, and in tubules with interstitial fibrosis adjacent to the mass. Vimentin was also positive in interstitial mesenchymal cells. AAT staining was diffusely but pale in proximal tubules and granular in collecting tubules (Fig. 4b) .
Renal adenomas are defined as solitary, expansively growing, and non-encapsulated to insufficiently encapsulated but well-circumscribed masses in the cortex [10] [11] [12] 16] . They are composed of well-differentiated tubules and acini, and may be histologically subclassified as tubular, papillary, or solid based on the predominant histological pattern. The distinction of adenoma from renal carcinoma is sometimes difficult, because carcinoma may be grossly small, microscopically well-differentiated, but have meta-* CORRESPONDENCE TO: MATSUDA, K., Department of Veterinary Pathology, School of Veterinary Medicine, Rakuno Gakuen University, 582, Bunkyodai-Midorimachi, Ebetsu, 069-8501, Japan e-mail: kmatsuda@rakuno.ac.jp static potential. Indeed, in humans, some authors have concluded that all renal cell neoplasms should be classified as carcinomas, even if the risk of metastasis is low [15, 17] . Most reported cases of equine renal cell neoplasms were considered to be malignant due to their invasive expansion, tumor embolism, metastasis, or cytological and nuclear pleomorphism [3-5, 7, 18, 19, 23-25] . This case had a distinct fibrous capsule, no metastasis, and papillary structures of histologically benign tumor cells, so it was diagnosed as papillary renal adenoma.
The histogenesis of renal cell tumors in domestic animals remains to be clarified. It has been reported that some human renal cell adenomas or carcinomas originate from proximal tubules and others from distal tubules based on immunohistochemistry using lectin antibodies [6, 8] . An antibody against CK has been used as a marker for distal and collecting tubules in humans and dogs [9, 14, 20] . In this horse, CK expression was observed broadly both in the neoplastic epithelium and in normal renal tissue in the same manner. AAT has been recognized as a satisfactory proximal tubule marker [14] . In this case, diffuse pale staining was detected in normal proximal tubules but not in neoplastic tissue; moreover, granular staining was seen in normal collecting tubules and a minority of neoplastic cells. From these results, it is concluded that this adenoma has a similar immunohistochemical property to that of the distal nephron. Vimentin staining in normal glomeruli was similar to that observed in dogs [26] . Vimentin is expressed in the fetal and neoplastic tubular epithelium but not in normal differentiated renal tubules; therefore, it is used as a marker of immaturity or dedifferentiation [1, 13] . The positive reaction to vimentin in the tubular epithelium adjacent to the neoplasm may indicate an immature, regenerating state. The broad expression of vimentin in the neoplastic epithelium indicates a dedifferentiated state. Shen [21] proposed that all renal neoplasms may derive from pluripotential common stem cells, which are capable of differentiating toward different cell types of nephron. In this case, It is considered that neoplastic cells derived from epithelial cells of the distal nephron, and/or that pluripotential neoplastic stem cells differentiated to cells with a distal nephron phenotype. In animals, there may be several types of renal neoplasms. Further studies are needed to clarify the relevance between differentiation/derivation properties and the biological behavior of renal neoplasms.
